For direct observation of microaerophilic actinomycetes by fluorescent antibody, a procedure was developed in which pepsin treatment and rhodamine conjugate of normal serum were used to reduce nonspecific staining in cervicovaginal smears. Actinomyces israelii, Actinomyces naeslundii, and Arachnia propionica were observed in cervicovaginal smears from women who did use and who did not use an intrauterine contraceptive device. A. israelii was found more commonly in women with an intrauterine contraceptive device, but no evidence was obtained that the use of an intrauterine contraceptive device influenced the presence of either A. propionica or A. naeslundii.
Although the vaginal microflora has been extensively evaluated, Actinomyces species or related microaerophilic actinomycetes have not been reported as part of the normal flora of the female genital tract (2, 20, 34) . In some 300 cases of female genital tract actinomycoses reported in the world before 1972 (29) , the original point of invasion was undetermined, as was the source of the infecting organism.
However, since 1972, a large number of cases of actinomycosis associated with the use of an intrauterine contraceptive device (IUCD) have been described (1, 5, 16, 28, 30) . Gupta et al. (13) first emphasized the presence of actinomycetelike granules in cervicovaginal smears from patients who used an IUCD and who had vaginal discharge or pelvic inflammatory disease but who did not have classical actinomycosis. These workers reported the preliminary observation of such organisms in 200 cervicovaginal smears stained with the Papanicolaou stain. Others have reported similar findings with the Papanicolaou stain (10) . In later studies, Gupta and collaborators identified Actinomyces israelii in cervicovaginal smears by using fluorescein isothiocyanate (FITC) conjugates of species-specific globulin (3, 21, 22, 32) . Ultimately, actinomycete-like organisms were observed in stained smears from 520 women; in 250 out of 266 of these patients, A. israelii was observed by staining with the FITC conjugate (12) . All of the patients used an IUCD except one, who wore a pessary, and another, who was wearing a forgotten tampon. In no case was a smear positive for Actinomyces naeslundii. In only two cases was A. israelii isolated; in two other cases a member of the genus Actinomyces was isolated, but the species was not determined. Actinomycosis was seen in only two of these cases.
The above results indicate a strong association between the wearer of an IUCD and pelvic inflammatory disease, associated with the presence of Actinomyces species (27) . However, the association of an IUCD and overt actinomycosis with abscess formation and typical sulfur granules rests primarily on additional studies (8, 9, 14, 19, 30, 33) . In these, virtually no cultures of Actinomyces species were obtained (9) . The diagnosis of actinomycosis rested upon the clinical and pathological characteristics of the case, upon the demonstration of the characteristic sulfur granules (25, 31) , and upon the demonstration of bacteria morphologically resembling actinomycetes in clinical materials stained with Gram stain or other stains. In their study, Hager et al. (13a) emphasized that only those patients with an IUCD showed evidence of either infection or colonization with an Actinomyces species, whereas none of the 50 patients in the control group showed any evidence of this bacterium.
Because of the association of pelvic actinomycosis with the use of an IUCD, questions regarding the source of the causal organism have been raised (3, 13a Serum samples from this animal were pooled, the globulin was precipitated three times with 35% saturated ammonium sulfate (15) , and the FITC conjugate was prepared by the method of McKinney et al. (23) . The globulin was adjusted with normal rabbit serum, distributed in 1-ml volumes in tubing vials, and lyophilized. When the lyophiized serum was reconstituted to 1 ml, it gave a 4+ staining when diluted to 1:4 (endpoint). The homologous and heterologous staining characteristics of the anti-A. israelii, anti-A. naeslundii, and the anti-Arachnia reagents, as determined with about 80 bacterial strains, are given in Table 1 .
For use as a counterstain to reduce nonspecific fluorescence, the tetramethylrhodomine isothiocyanate (TMRI) derivative of normal rabbit globulin was prepared with dimethylformamide as a solvent (23); it was distributed in 1-ml volumes in tubing vials and lyophilized.
Preparation and examination of experimental slides. To determine the effects of cervicovaginal secretions or various treatments on the staining of actinomycete cells by FITC conjugates, washed cell suspensions of the cultures were made in phosphatebuffered saline. They had an absorbance of 0.05 when read at 660 nm in a Pyrex test tube (18 by 150 mm) with a Beckman model B spectrophotometer. Samples (10 ul each) were taken, placed on a glass slide, air dried, heat fixed, and exposed to the various experimental procedures. Similarly, sets (six slides each) of cervicovaginal smears were obtained from 25 randomly chosen patients. The slides were air dried, and a known suspension of cells was added to the slides and mixed with the surface material; the slides were air dried and then heat fixed before being used. When possible, only the slides from a single patient or slides having similar amounts and appearances of surface material were used for any one experiment.
Before the slides were stained with the fluorescein conjugates, the vials of lyophilized globulin were reconstituted with 1 ml of distilled water, or if the TMRI conjugate was to be used as a counterstain to inhibit nonspecific fluorescence, only 0.5 ml of water was added. Equal volumes of the FITC and TMRI conjugates were then used. Each slide was covered with the conjugate and incubated for 20 min in a humid chamber at room temperature. The excess conjugate was tapped off; the slide was blotted with bibulous paper, immersed in phosphate-buffered saline (0.01 M, pH 7.2) for 10 min, rinsed briefly in distilled water, and air dried. Cover slips were then added with carbonatebuffered glycerol mounting medium, and the slides were examined (35) . Examination of cervicovaginal smears and tissue slides. Four to six cervicovaginal smears were obtained from each of 50 women who reported for routine examination and who did or did not have an IUCD. An additional set of slides was obtained from a second laboratory which submitted cervicovaginal smears of 11 asymptomatic women who wore an IUCD. These were heat fixed by two to three rapid passages through a flame. Slides prepared from patient material were then examined either by Gram stain, directly by phase-contrast microscopy, or by the fluorescent-antibody technique. Hematoxylin and eosinstained tissue slides were used to assay actinomycetes in tissues. Cover slips of heematoxylin and eosin-stained tissue slides were removed by soaking the slides overnight in xylene. Slides were then air dried, destained with acid alcohol (1% HCl in 70% ethanol) overnight, and rehydrated by passage through a series of decreasing-alcohol, increasing-water rinses.
The final staining procedure developed and used for staining the tissue sections from 3 patients or the smears from the 61 patients was as follows. Smears or (Table 2) , Il (63%) showed A. israelii, 11 (63%) showed A. propionica, 2 (11%) showed A. naeslundii, and 7 (33%) showed two of these three species.
The actinomycete cells observed in most of these cervicovaginal smears were small individual diphtheroid cells or groups of diphtheroid cells. In slides from patient 11, however, a large, dense mycelial colony of A. propionica and several clusters of filamentous forms of A. israelii were observed. In slides from patients 3, 6, and 7, filamentous and mycelial forms ofA. propionica were seen. In several of the slides, we observed large cocci, in pairs or in chains, which stained 1 to 2+ with the anti-A. propionica conjugate; these cells were not recorded as positive for Arachnia species, because they did not conform to the morphological criterion required.
Relationship of IUCD use and presence of actinomycetes. Of the smears from the 18 patients with an IUCD, 39% were positive for A. israelii, and 17% were positive for A. propionica; none was positive for A. naeslundii (Table 2) . In contrast, only 12 and 6% of the slides from 32 patients without an IUCD stained positively for A. israelii and A. naeslundii, respectively, whereas 25% of the slides were positive for A. propionica. A chi-square test comparing the positive percentages in the presence and absence of an IUCD was done for each of the three species (Table 3) . The statistical test for the presence of A. israelii versus the use of an IUCD indicated no dependence at the 5% level of probability (P = 0.05). However, the P value (0.07) obtained for A. israelii was much smaller for this comparison than that determined for A. naeslundii (P = 0.74) and for A. propionica (P = 0.74).
In addition to the 50 cases (Table 1) , smears were obtained from a second laboratory. These were from 11 cases of asymptomatic women who wore an IUCD; they were examined by one of us (J.M.B.) for the presence ofA. israelii and A. propionica only. Of these, all of the patients were positive for A. israelii, and four were positive for A. propionica. These overall results strongly suggest that populations of A. israelii are stimulated by the use of the IUCD, but do not suggest that A. naeslundii and A. propionica are similarly stimulated.
DISCUSSION
We report here observations of A. israelii, A. naeslundii, and A. propionica in cervicovaginal smears. These organisms were identified by direct staining with FITC-labeled rabbit globulin (2, 20, 34) . Specific procedures for isolating these bacteria from heavily contaminated materials need to be developed. Nevertheless, our results c-nstitute strong presumptive evidence that these three species are common inhabitants of the vagina.
Of particular interest to us during the examination of the cervicovaginal smears and tissue sections were the overall morphological aspects of the actinomycetes from different patients. In 14 of our cases in which the smears were positive for actinomycetes, we observed the organisms primarily as diphtheroidal forms, either as a few joining cells or as small groups of cells. This morphology is commonly observed in liquid cultures, but in smears from four patients, only one of whom had an IUCD, the organisms were either small, spider-like mycelial colonies within masses of the neutrophiles or ramifying filaments dispersed throughout the cellular elements. These latter smears seem to be from patients in which the vaginal environment induced the organism to grow with a morphology commonly observed in cases of actinomycosis (31) . The medical significance of these observations is unknown, but they suggest that formation of mycelial elements by the actinomycete growing within the vagina represents a departure from the common diphtheroid aspect observed in most of our cases. Although none of the 18 patients having positive smears for Actinomyces or Arachnia species was described as clinically ill, many of the smears showed a heavy discharge with leukocytes or erythrocytes, some of which could have been endometrial in origin.
The boundaries between infection and colonization by microaerophilic actinomycetes are not clear; most certainly we have not established the differentiating criteria. Only A. israelii and A. propionica have been reported as causal agents of numerous cases of human actinomycosis characterized by abscesses, the progressive formation of draining sinuses, sulfur granules, and typical gram-positive, filamentous branching elements (6, 31) . A. naeslundii has been isolated from other types of abscesses in humans (11) . Thus, all of these species represent a potential for infection in the host, particularly if they gain entrance to the deeper tissues (31), but A. israelii and A. propionica may colonize tissue surfaces without penetrating deeper areas of the organs. Thus, both may grow in the lacrimal canal and form concrements that are large enough to erode the membrane or to completely block drainage, but neither species has been reported as having aused progressive actinomycosis emanating from the lacrimal canal (24, 31) . similarly, A. israelii present in tonsillar crypts appears to lack direct invasive ability (4). Hager et al. (13a) have described colonization of the endocervix by A. israelii in the absence of symptomatic pelvic infection in a patient with an IUCD; but on the basis of the description of some 29 cases of overt actinomycosis associated with an IUCD, one or more of the above species, in association with the IUCD, would appear to be able to induce invasive disease. That A. israelii in the presence of the IUCD may also cause pelvic inflammatory disease has not been proven (M. R. Spence and W. D. Hager, personal communication), but Bhagavan and Gupta (3) have pointed out that of the IUCD users in which A. israelii was found, 25% had pelvic inflammatory disease as compared with the 2 to 8% of all IUCD users who had pelvic inflammatory disease.
The results presented here show that A. israelii, A. naeslundii, and A. propionica are common to the human vagina. These results and those of the numerous workers cited above strongly support the conclusion that the origin of pelvic actinomycosis stems primarily from the indigenous population of A. israelii, if not other actinomycetes. This conclusion is in contrast to that of Gupta et al. (12) , who suggested that the oropharynx is the source of the infecting organism. The numerous cases of pelvic actinomycosis reported in association with the use of an IUCD suggest an increased risk of infection with the 
